INTRODUCTION
THERE are two main morphological types in the diploid group of fgi1ops speltoides Tausch. These types differ markedly in the structure of their fruiting spike and consequently in their mode of seed dispersal (see fig. i ).
(a) Speltoides plants (. speltoides Tausch, according to Eig's classification, 1929 or E. aucheri Boiss. according to Zhukovsky, 1928 ) have a long cylindrical spike with relatively widely interspersed spikelets. Only the apical spikelet is awned. The rachis of the spike is tough except for a brittle node at its base. Upon maturity the entire spike is detached as a long, cylindrial, many-seeded dispersal unit and remains as such on the soil surface throughout the summer.
(b) Ligustica plants (XE. ligustica Coss., sensu Eig, 1929 ) have denser, two-rowed ears, in which the lateral spikelets are also awned.
The rachis is brittle at every joint, so that the mature spike disarticulates into wedge-shaped, 2-3 seeded spikelets. Each individual spikelet thus serves as an independent dissemination unit ; it is mechanically adapted to insert itself into the ground and usually buries itself soon after detachment.
The speltoides-ligustica types have puzzled wheat students as to the nature of their mutual relationships. On the one hand one is confronted here with remarkable morphological differences and rarity of intermediate types. This led the two main monographers of the genus gi1ops (Zhukovsky, 1928 ; Eig, 1929) to look upon these two types as distinct species. On the other hand, in several respects the pair does not fit into ordinary models of speciation. The morphological differences between speltoides and ligustica plants are restricted to the fruiting spike alone. In all other traits, such as vegetative characters and phenological behaviour, the types are strikingly similar to each other (Miczynski, 1926 ; Schiemann, 1928) . In addition, hybrids between the two types are fully fertile and show complete pairing of chromosomes in meiosis. Furthermore, breeding experiments by various workers (Miczynsky, 1926 ; Schiemann, 1928 Eig, 1929 Kihara and Lilienfeld, 1932) revealed that the manifold differences in spike morphology are inherited in a more or less monohybrid mendelian fashion (dominance of ligustica over spelloides in F1, and 3 1 segregation in F2). These data were first interpreted as Further indications of the close relationships between speltoides and ligustica plants were provided by data on their sympatric distribution, and the occurrence of mixed stands of the two types (Eig, I 929). Close genetic connections were revealed also by data on occasional segregation, found in plants grown from seed of original collections (Schiemann, 1928; Eig, 1929) , as well as in the progeny of parents propagated in experimental plots by several workers.
On a basis of this information-and apparently also on the assumption that these plants were predominately self-pollinated-most students (i.e. Kihara and Lilienfeld, 1932 ; Sears, 1941 ; Bowden, i g6o ) have tended to regard speltoides and ligustica plants as two distinct forms or subspecies of the single species £. speltoides.
We have attempted to gain a better understanding of the relationships between speltoides and ligustica types through examination of natural populations, their distribution and composition, as well as their genotypic structure and pollination behaviour. The purpose of this paper is to question the validity of the concept that speltoides and liguslica types are independent units. Evidence is brought to indicate that these two types are spatially and genetically interconnected and form common, largely panmictic populations. The two types are presented as constituting a case of population dimorphism in fruit structure.
DISTRIBUTION AND COMPOSITION OF POPULATIONS
Already Eig (1929) noted the peculiar pattern of distribution of speftoides and ligustica plants the two types have more or less overlapping distribution areas, moreover, they occur side-by-side in mixed populations. Eig himself found mixed stands to be the rule in Israel -i.e. in the southernmost outpost of the range of the two types. But lie also strongly suspected such mixed stands to be rather universal and to occur in the other parts of these types' distribution area, namely in Turkey, Syria and Iraq. Eig arrived at this conclusion through his findings in herbarium material : in many instances both speltoides and lgustica plants had been collected in the same locality.
We There are good indications that mixed populations similar to those of southern Turkey occur also further east-in Iraqui Kurdistan (i.e. in the foothills bordering the Euphrates-Tigris basin). This is indicated by numerous and recent collections, particularly the ones of J. B. Gillett located in Kew Herbarium. In his collections Gillett was careful to note that these two types are found growing together in the Erbil, Amadiya and Mosul districts of northern Iraq.
These data, which can be further supplemented by scattered remarks of several botanists and collectors warrant the conclusion that mixed populations are the rule, not only in Israel but also elsewhere : speltoides and ligustica plants are apparently spatially interconnected almost throughout their distribution area.
Attention should also be drawn to the occurrence of intermediate or recombination types in mixed speltoides.ligustica populations, e.g. plants with laterally awned but tough spikes (var. polyathera according to Eig, 1929) or also very occasionally plants with brittle but laterally awnless spikes. Such intermediates are rare ; they usually occur in frequencies of less than oI-o2 per cent., yet they were detected in most populations where a careful search for them was made.
PROGENY TESTS
Progeny tests were performed in individual ligustica and speltoides plants, sampled from a typical natural mixed population which is P growing 4. km. east of Ashkelon in the southern Coastal Plain of Israel. These tests were made with the purpose of obtaining information: (a) on the genotypic constitution of a natural mixed population; (b) on the nature of the mating system operating in such a population. The results of these tests are summarised in tables i and 2.
The mixed population at Ashkelon was examined in the summers of 1961 and 1962. In both years it was found to contain 8o per cent. ligustica and 20 per cenit. speltoides plants, as well as occasional intermediate forms (less than O5 per cent.). The population occurred as a dense and rather uniform stand in depressions in the heavy soil of the alluvial plain, and particularly in the shallow bed of a dry water course (wadi).
Seed from individual ligustica and speltoides plants growing in this habitat was collected in July 1961. To avoid mistakes due to density of stands, only a single spike was collected from each parent. Seed Twenty-nine speltoides and 19 ligustica parents produced each 4. progeny or more (average 6.6), and were used in the tests. Since the ligustica condition is dominant over the speltoides condition, ligustica plants should be either homozygous or heterozygous for the ligustica block of genes. Heterozygous ligustica plants should, therefore. segregate to produce both ligustica and speltoides types of progeny. In contrast, homozygous ligustica parents should produce ligustica progeny only. This is true upon self-pollination as well as upon cross-pollination with pollen of the speltoides genotype. The occurrence of one or more speltoides plants among the progeny of an individual ligustica parent was therefore regarded as an indication of its heterozygous constitution. Seventeen of the ig ligustica-type parents produced one or more speltoides progeny, i.e. turned out to be heterozygotes. Considering the small number of progeny raised from each parent (4-Jo), the proportion arrived at must be taken as representing a minimum value, and the detection of heterozygotes among the ligustica parents may have been incomplete. The total number of ligustica parents tested (19) is indeed rather small ; yet the results obtained are rather suggestive : they indicate that a large proportion of the ligustica plants growing in the mixed population at Ashkelon are heterozygotes.
Moreover, their frequency exceeds significantly the proportion required under the Hardy-Weinberg equilibrium-for a fully panmictic population of 8o per cent. ligustica and o per cent. speltoides plants.
(ii) Estimate of natural cross-pollination Since the speltoides plants are homozygous recessive, each speltoides plant growing in a mixed population can serve as a natural tester for cross-pollination by ligustica-type pollen. Obviously such a pollen grain will produce a ligustica progeny. Moreover, from the proportion of the ligustica produced by speltoides testers, the amount of crosspollination in the parent plants can be assessed, provided the gametic proportions of the two pollen genotypes produced in the mixed population are known.
There are two possible estimates for the relative gametic frequencies of speltoides vs. ligustica pollen grains produced by the mixed stands. This information on floral biology corroborates the estimates on the amount of cross-pollination arrived at on a basis of progeny testing of the speltoides plants. It lends further support to our conclusion that speltoides and ligustica plants are both predominantly cross-pollinated.
DISCUSSION
The results of progeny tests performed in plants sampled from the Ashkelon population indicate that mixed stands of speltoides and ligustica plants are in fact common populations. In other words, the plants of the two types are genetically interconnected by virtue of a mutual mating system, one of predominantly cross-pollination. This conclusion is also borne out by observation on the pollination behaviour of the two forms. Accordingly, the speltoides and ligustica types should not be regarded as two different species and not even as independent varieties but as two constituents of dimorphic populations of the same species (.e. speltoides Tausch). Mixed stands of the two types are looked upon as a case of genetically determined fruit dimorphism, where two types of seed dispersal apparatus function in the same population in a complementary way. Dimorphism in fruit structure, and consequently in seed dispersal mechanisms, is a characteristic feature of a considerable number of plant genera native to the open steppe or steppe-like habitats in the region of Mediterranean agriculture (M. Zohary, 1937) . That the formation of two complementary types of diaspores by the same species is apparently a successful trend of adaptive specialisation is also borne out by the fact that fruit dimorphism has developed independently in members of various families such as Composita?, Crucfenz', Umbel4fera3 and Graminea?. But all cases of fruit dimorphism so far known involve plants in which two (or more) types of fruit are produced by the same individual. They are, therefore, cases of phenotypically determined fruit dimorphism where the development of the two kinds of fruit is controlled by differentiation processes only. In the speltoides-ligustica pair, however, two kinds of dispersal units are borne on dUferent individuals: two types of plants which differ with regard to their fruit structure form a common population. This is an instance of genetically determined fruit dimorphism, with a population as its unit of operation.
A model of population dimorphism in seed dispersal apparatus provides a simple explanation to several, previously puzzling, features of the speltoides-ligustica pair. The almost universal occurrence of mixed stands throughout the larger part of the distribution area of these two types makes sense. Such a model can also explain why early workers such as Schiemann (1928) and Eig (1929) found frequent segregation when they planted speltoides and ligustica seed samples obtained from natural (and apparently mixed !) populations. Furthermore, such a scheme easily accounts for the data we obtained upon progeny testing of the Ashkelon population. This also provides a reasonable explanation of the nature of morphological differences between the two types, namely the restriction of these differences to the fruiting spike alone. Such a divergence is rather unexpected in ordinary processes of subspeciation and speciation, but easily accounted for in a case of population dimorphism.
Finally, a model of fruit dimorphism can account for the peculiar mode of inheritance of the manifold differences between the two types : their inheritance in a more or less monohybrid fashion with only rare cases of recombinants. As already proposed by Sears (1941), this mode of inheritance suggests the presence of a single block of closely linked genes. Again such a block is hardly explicable in terms of ordinary evolutionary divergence. But a system based on such a single block is an essential (and evolutionally well exploited !) means for the establishment of population dimorphism.
In the restriction of morphological differences to a single organ and in the control of these differences by a closely linked block of genes, the situation in the speltoides-ligustica pair resembles the much better known form of population dimorphism in plants, i.e. the floral dimorphism of distyly. In distyly too, manifold morphological differences separate thrum plants from pin plants ; but these differences are restricted to the flower only. In distyly again, a parallel genetic system has evolved; a compound lOcus-or a block of closely linked genes-is responsible for the establishment of dimorphic populations (Lewis, 1954) .
There is, however, a principal difference between floral dimorphism and population dimorphism in fruit structure. Distyly serves to maintain cross-pollination. This is best achieved when-as in sex- The data available from the Ashkelon population do not permit a final conclusion as to the genotypic structure of mixed speltoidesligustica stands. Most probably such populations contain three genotypes: homozygous speltoides, heterozygous ligustica and homozygous ligustica. It is yet to be shown whether mixed populations have a simple polymorphic structure, i.e. whether the two ligustica genotypes have, during development, equal adaptive values. Seventeen out of the 19 ligustica parents tested were found to be heterozygotes. This is a significantly higher proportion than that expected on a basis of the simple Hardy-Weinberg equilibrium for an 8o per cent. ligustica-20 per cent. speltoides population. But the total number of parents tested is admittedly small, and a final evaluation of the genotypic constitution of mixed stands cannot be made until further information has been collected.
Finally, it is noteworthy that pure populations of either type were also encountered, but significantly mostly on the fringes of this group's distribution area. Apparently under the extreme ecological conditions existing here, the balance between competition and co-operation is broken down, and the better adjusted morphic type becomes fixed. This situation conforms with Mather's (1955) model of geographic speciation evolving from pre-existing polymorphism. Such pure populations might represent the beginning of speciation in the 1E. speltoides group.
SUMMARY
Evidence is presented to show that the two main morphological types recognised in the gilops speltoides group, i.e. the ligustica type and the speltoides (= aucheri) type, occur as a rule in mixed popula- The conclusion is arrived at that speltoides and ligustica plants cannot be regarded as two independent forms. They are apparently two constituents of dimorphic, largely panmictic populations. They 
